I
nnate immunity to microbial infection is an inherent feature of all multicellular eukaryotes. In contrast to jawed vertebrates, which, in addition to innate defenses, also possess noninheritable mechanisms of adaptive immunity, antimicrobial defenses of lower metazoans and plants are germline-encoded. Plants use a bipartite immune system to cope with infection (1) . The evolutionarily older branch is based on recognition of common microbe-associated molecular patterns (MAMPs) by plant pattern recognition receptors (PRRs) or upon recognition by PRR-type receptors of hostderived damage-associated molecular patterns that are produced by deleterious microbial enzymatic activities or toxins (2) . This type of plant immunity is referred to as MAMP-triggered immunity (MTI), and is equivalent to metazoan innate immunity. A second, evolutionarily younger, layer of plant immunity is referred to as effector-triggered immunity, which is based on the recognition of the presence or activities of microbial pathovar-specific effector proteins by cognate plant immune receptors (3) .
Despite intense efforts to identify immunogenic molecules from a wide variety of microbial sources, remarkably few such structures have been described so far. Past approaches were based almost exclusively on biochemical purification procedures, but have often proven difficult, for example, because of major autolysin activities in bacterial materials. Likewise, although several microbial patterns (e.g., bacterial flagellin, lipopolysaccharide, peptidoglycan) trigger immune responses in metazoans and plants, systematic testing agonists of metazoan PRRs as elicitors in plants was little rewarding, likely because host sensors for microbial patterns have evolved independently in different lineages (4). In those cases, however, when elicitor isolation was successful, immunogenic activity could be ascribed to small, epitope-like motifs (reviewed in ref. 2; Table 1 ).
In PNAS, McCann et al. (5) describe an exciting genomics-based bioinformatic strategy to identify proteinaceous microbial signatures triggering plant defense. This approach is built on two assumptions. First, hosts are likely to evolve recognition systems for "core" microbial structures that represent vital cellular functions, are broadly conserved among microbial species or genera, and are not subject to frequent mutation. Indeed, known MTI elicitors were shown to exhibit such features (6) . The authors propose that these sequences are found preferentially in proteins that are under strong negative selection and that are characterized by low rates of nonsynonymous amino acid exchanges. The second assumption of the The diversity of microbial patterns recognized by an individual plant species is likely much higher than previously anticipated.
authors was that distinct residues within elicitor-encoding sequences are under very strong structural diversification (i.e., high rate of nonsynonymous amino acid replacements). Such structural alterations would suggest adaptation of microbial patterns to existing host PRR specificities driven mainly by opposing evolutionary forces, such as evasion of host immunity and maintenance of endogenous function. This prediction appears to be contradictory to the first assumption, but is based on the fact that sequence diversification and gradually altered immunogenicity of bacterial elicitors has been reported (7). For example, genetic variation within and among species of plant-associated bacteria was found with regard to the plant defense-stimulating activities of flg22 and elf18 epitopes (i.e., elicitor-active minimum sequence motifs within bacterial flagellin or EF-Tu, respectively; Table 1 ). Consequently, the authors assumed that MTI elicitor sequences might be found within the core proteome of bacterial genera, but that these sequences should harbor distinct residues that are under very strong positive selection. They examined the gene set that is shared by three Pseudomonas syringae and three Xanthomonas campestris pathovars (1,322 genes total) for proteins exhibiting patterns of strong negative selection interspersed with regions showing strong positive selection. This screen revealed a total of 56 proteins that exhibited, within conserved regions, atypical clusters of positively selected residues that were reminiscent of those found in flg22 and elf18 epitopes. The MTI elicitor EF-Tu was among those proteins, thus validating the suitability of this approach to yield elicitors with proven biological significance. Within eight candidate elicitors, peptide epitopes spanning 20 to 40 aa were selected encompassing at least one positively selected site. Synthetic peptides derived thereof were then tested for their ability to reduce susceptibility of Arabidopsis to infection with host-adapted pathogens and for their activity to trigger callose apposition (a plant immunity-associated response). In total, peptide sequences derived from three intracellular P. syringae proteins (i.e., ATP-dependent RNA helicase RhlB, triphosphoribosyl-dephospho-CoA synthase, putative DNA processing protein DprA) proved to be active elicitors of both defenses (Table 1) . This is an exciting hit rate, which demonstrates the enormous potential of using patterns of natural selection within microbial proteins to identify elicitors of plant immunity. Unarguably, genomebased systematic surveys are superior to alternative methodologies used previously for this purpose, and can be applied to all groups of microorganisms for which population genomic information is available. Another important insight of the study of McCann et al. (5) is that the diversity of microbial patterns recognized by an individual plant species is likely much higher than previously anticipated. For example, Arabidopsis thaliana appears to recognize a staggering seven patterns from pseudomonads alone (Table 1 ). This diversity is most likely matched by a similar number of plant PRRs, thus providing one possible mechanistic explanation for the robustness and durability of MTI. The number of ligand-receptor pairs determining the stability of MTI is probably even higher than that estimated here, as this screen is not suited to identify nonproteinaceous elicitors or peptide patterns with posttranslational modifications indispensable for elicitor activity. COMMENTARY Accelerated identification of microbial elicitor sets provides intriguing novel opportunities to study evolutionary dynamics within microbial patterns and their effects on the functionality of the corresponding plant PRRs. Structural variation within elicitor-active patterns is indicative of evolutionary forces that drive microbial evasion of plant immunity (5) . It is reasonable to assume that the functionality and effectiveness of plant PRRs represents such a force. In sum, development of plant PRRs and microbial escape strategies might constitute coevolutionary mechanisms underlying plant immunity to host nonadapted microbes (i.e., MTI). Conceptually, this "arms race" scenario is reminiscent of that proposed for the coevolution of microbial effectors and the corresponding plant immune receptors governing plant immunity to host-adapted microbes (i.e., effector-triggered immunity) (8) .
MTI is an important mechanism for maintaining plant health. MTI elicitors and the corresponding plant receptors are therefore considered valuable tools for engineering immunity in crop plants. Methodologies for the systematic and rapid identification of novel MTI elicitors are thus not only of purely academic value, but also harbor large potential for biotechnological applications. For example, MTI elicitors could be used directly as vaccine-like agents triggering plant immune defenses. Likewise, the availability of MTI elicitors facilitates the identification of the corresponding PRRs, which could subsequently be used to engineer novel microbial recognition specificities in transgenic crops (9) . Such an approach has successfully been used to increase immunity to bacterial infection in tomato (10). 
